We present a method of preparation of transmission electron microscopy (TEM) specimens of nano-electronic devices with Focused Ion Beam (FIB) tools that significantly reduces specimen thickness variation over the area of interest. The general methodology is a combination of and an extension to Micro-Sampling FIB specimen preparation technique described by T. Kamino et. al. [1] and the back-side milling method [2].
Without further ado, the method starts by routine preparation steps to produce targeted specimen of the feature of interest. In case of nano-electronics devices, stage navigation with design CAD layout, or defect review maps can be used to locate the target. The scripting capabilities of modern FIBs allow rapid and unassisted preparation of specimens up to the step of specimen extraction from the wafer/device. In case that a sub-stage and in-situ micromanipulator is available, the preparations steps to attach the lamella to probe and to remove it from the substrate are performed. Specimen is then attached to the grid, or any other suitable temporary support, that can be tilted to facilitate the inversion (flips.) In case of FEI-FlipStage™ tools, the specimen is first attached to the grid positioned parallel to the surface of the wafer/device but perpendicular to the traditional mounting for cross-sections. Specimen is then released from micromanipulator. An example of the arrangement is shown in Figure 2 . This corresponds to the position described as 90° in the tool's software that is usually used for STEM observation. The grid is then brought to 0° or to the traditional specimen preparation orientation. At this point, the specimen is reattached to micromanipulator again, and then released from the supporting grid (as shown in Figure 3 ) and the grid is again lowered to 90° position. Subsequent re-attachment to the grid places the specimen with Si-substrate above the area of interest. At that time, the grid is raised to 0° and the remaining preparation steps are conducted to produce electron transparent lamella. An example of completed specimen is shown in STEM micrograph at low magnification in Figure 4 and in TEM micrograph at moderate magnification in Figure 5 . In combination with lowered accelerating voltage ion beam milling this procedure allows preparation of ultrathin sections with AOIs on the order of <50nm thickness and lack of sample thickness variation under the contacts/vias. Figure 6 shows example of higher magnification TEM micrograph showing clear interface between silicon substrate, Ti-silicide reaction layer, the multi-layer diffusion barrier, and a tungsten filled contact.
In conclusion, the described method reduces operator's frustration arising from requirement for multiple re-prep to observe in the highest detail critical layers in nano-sized semiconductor devices otherwise obscured by artifacts of focused Gallium ion beam milling in the FIB. 
